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Abstract 
In this paper, a steel structure of a motor vehicle hydrodynamic clutch (HDC) is analyzed in order to obtain the optimal 
design parameters. Realization of such a steel structure with those parameters enables achieving of the optimal efficiency 
coefficient. The paper presents large number of data, originated from the past research, which may be used in determination 
of the meridian cross-section shapes and the position of blade circuits within the operating space of the hydraulic turbo 
converter. The experimental results concerning the influence of the geometric, kinematic and hydrodynamic parameters on 
characteristics of the hydraulic turbo converter are presented also. The knowledge about all those relations may be very 
useful to all dealing with hydraulic torque converters. For conducting experimental investigations an indirect measuring 
method was used, based on defining the pressure distribution over the speed probes' walls. The original experimental 
equipment was developed for that purpose. 
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1. Problem formulation 
 
 The hydro-dynamic power transmitter's task is to transform the flow energy of the working fluid, which is 
circulating through the inter-blades space, into the mechanical work (turbine circuit) or vice versa, to transform 
the external mechanical work into flow energy of the working fluid. Within the hydrodynamic clutch (HDC) 
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working space the energy exchange is executed between the working fluid and the blades, by change of the 
working fluid's angular momentum. In this paper is presented an attempt to express the relation between the 
energetic hydrodynamic, kinematic and geometric parameters of the HDC, using the one-dimensional flow 
theory.  
 
 In Figure 1 are presented geometrical parameters of the turbine impeller and dynamics of the fluid flow in 
the HDC working space. Obtaining of the maximum value of the HDC blade circuit tension is of the utmost 
importance for design, development and producing the HDC. The methods are being sought to obtain the 
minimum difference between the tension of the real HDC circuit tension Y and tension of the fictitious circuit 
with infinite number of blades Yf. This means that one should try to obtain the impactless (ideal) flow. The 
flow closest to the ideal one can be achieved by proper design of the HDC working space. The ratio of reducing 
the real circuit tension with respect to the ideal one can be expressed as, [1-3]: 
 
     f 2 u3 1 u0 2 u2 1 u0= Y / Y = R C R C R C R CH Z  Z  .                                             (1) 
 
 The coefficient of the fluid flow, i.e., the ratio between the real and theoretical values of the fluid slip speeds, 
is given as: 
 
zi u3i u2iC CH  .                                                                                   (2) 
 
The mean value of this coefficient is given as  
 
                                                  i izs zi = m m¦  ¦H H ,                                                                         (3) 
 
with mass of the working fluid defined as: 
 
                           2 2i i+1 im = 2 2i ( - )Cm R RS  .                                                                    (4) 
 
 Determination of the meridian component of the fluid speed, Cm, at the output from the circuit, represents a 
special problem, solved by a procedure given in [1]. In Figure 1 are presented all the geometrical parameters of 
the considered problem. 
 
 
 
Fig. 1. The real and theoretical values of the fluid flow variables  
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 According the methodology, presented in [1], the coefficient of the tension reduction, given with equation 
(1), can be expressed as: 
   zs 1 1 m0 0 2 2 m2 L2 1 1 m0 0 2 2 m2 L2 = R ( R C ctg ) R ( R C ctg ) 1 R ( R C ctg ) R ( R C ctg ) (5)ª º ª ºH  Z  E Z  E  Z  E Z  EH¬ ¼ ¬ ¼
           
 The fluid flow skidding angle, at the output from the blade circuits of the HDC can be determined as: 
 
    i L2 2i L2i 2i zi m2i 2i u3i m3id arctg 1 z 2 R sin U (1 ) C arctg U C Cª º ª ºE   G S E  H  ¬ ¼¬ ¼                       (6) 
 
2. Experimental procedure for defining the hydrodynamic clutch characteristics 
 
 For measuring the fluid speed in the working space of hydro-dynamic clutch an indirect method can be 
used, which is based on defining the pressure on the speed probe walls, [4-5]. There, one has to keep in mind 
the relation between the fluid speed and pressure along the paths of fluid flow. Since this is the three-
dimensional flow, for defining the speed and pressure fields one also needs the 3D probes. However, since the 
clearance between the blades of the HDC is too small to accommodate this type of probes, the single and three-
channel cylindrical probes were used. The schematic appearance of the originally designed experimental 
equipment is presented in Figure 2, while in Figure 3 is presented the Hydrodynamic Clutch – HDC. 
 
 
 
Fig. 2. Schematics of the testing equipmet:A – asynchronous electric actuator, B – five-gear reductor, C – coupling device, D – braking 
device, E – measuring shafts. 
 
 
 
Fig. 3. Hydrodynamic clutch with radial blades 
 
 The HDC considered is the non-regulative clutch D370, produced in "14. Octetober" factory in Kruševac, 
Serbia, aimed for, together with the Diesel engine D24, building into the Russian manufactured tractor MTZ 
100. The number of radial blades in the pump circuit is 45, while in the turbine circuit there are 43 blades. 
Blades are skewed forward and backward. The driving engine was the electric actuator OPS 80/4 "Sever", with 
power of 184 kW, with the angular velocity of 153.9 rad/s, current intensity 330 A and voltage of 380 V, with 
the power ratio of 0.92. The braking device apllied was hydrodynamic Schenk-Heker device. The five-gear 
mechanic reductor (i = 0.351,  0.520, 0.695, 1.031 and 1.496) expands the experimental setup possibilities; it 
was placed between the electric actuator and the pump circuit shaft. The measuring shafts were of the HBM 
type, used for recording the angular velocity and momenturm of the working circuits. The single-channel and 
the three-channel cylindrical probes were measuring the pressure in the circuits, while the thermo-resistant 
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copper thermometers, SVEMA, with measuring accuracy of ± 0.5 K and reaction time delay of 1 s, were 
recording the working flid temperature. The experimental testing was realized in the Development center of the 
"14. October factory" in Kruševac, Serbia. 
 
 The measurement procedure, for establishing the speed and pressure fields in the HDC working space, was 
the following, [4]: for certain value of the clutch transfer ratio, defined value of the clearance between the blade 
circuits, known value of the quantity and type of oil in the system, the single channel or the three-channel 
probes were recording fluid pressure, ps, the stoppage pressure pd, as well as the angle that defines the direction 
of the fluid flow within the HDC working space. Measurements were performed for four values of angular 
velocity of the pump circuit(52.9, 80.11, 107.2 and 158.7 rad/s), four values of clearance between the blade 
circuits (4.5, 5.5, 9.0 and 10.0 mm) and for three values of the HDC filling coefficient (Kv = 0.6, 0.7 and 0.8). 
Based on the measured values the diagrams are drawn, presented in Figures 4 to 9. For the sake of brevity, here 
are presented results only for the two values of clearances between the blade circuits, namely for m = 4 mm and 
10 mm. Experimental procedure at angular speed of the pump circuit Zp = 211.6 rad/s, due to intensive oil 
heating and for the filling coefficient of Kv = 0.6, due to failing to reach the HDC nominal values, was 
conducted only for some cases and not the whole range of other experimental variables, thus those results were 
not considered as completely reliable and are not presented here. 
 
                  
 
Fig. 4. Pressure distribution in the HDC working space (pd)                     Fig. 5. Pressure distribution in the HDC working space (ps) 
 
                  
 
Fig. 6. Variation of the fluid flow perimeter speed (Cu)                             Fig. 7. Meridian component of the fluid flow speed (Cm) 
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Fig. 8. Fluid flow skidding angle at the output from the                           Fig. 9. Fluid flow skidding coefficient at the output from the  
            HDC D370 blade circuits                                                                             HDC D370 blade circuits 
                  
3. Discussion of experimental results and conclusions 
 
 The results obtained in experimental investigation point to the following facts: 
x The most favorable indicators of the tested HDC were obtained for the value of clearance between the blade 
circuits of m = 4.5 mm, with application of the radial blades and angular speed of the pump circuit of Zp = 
107 rad/s, at the skidding coefficient value of s = 3.5 % and the filling coefficient value of KV = 0.8. 
x At low values of the skidding coefficient, the meridian component of the fluid flow speed has a small value 
and it varies very little between the blade circuits. The value of the perimeter speed then has the maximum 
value, thus the pressure distribution (static and dynamic) determines the law of variation of the perimeter 
component of the absolute speed in this space. 
x With increase of the skidding coefficient values of the perimeter and meridian speed components, as well as 
the skidding angle of the fluid flow are all decreasing. 
x In the clearance between the HDC blade circuits, the total pressure is decreasing with increase of the 
skidding coefficient, what points to the fact that the highest influence on the pressure distribution imposes 
the working regime of the blades. 
x For the HDC working regimes defined by the values of the sliding coefficient s between 52 and 100 %, the 
value of the flow pressure is decreasing at the output from the turbine circuit, while it is increasing at the 
output from the pump circuit, from the lower towards the larger flow diameter. 
x At the value of sliding coefficient s = 3.5 %, both values of the flow and the stoppage pressure are 
continuously increasing ceaselessly at the output from the pump and turbine circuit, from the lower towards 
the larger flow diameter. 
x At smaller values of clearance between the HDC blade circuits, higher values of fluid flow and stoppage 
pressures are possible, as well as higher values of the meridian and perimeter components of the fluid flow 
absolute speed and the lower values of the fluid flow skidding angle, thus the higher values of the fluid flow 
tension in the HDC working circuits. 
x The highest total fluid pressure occurs in the vicinity of the smallest and the largest radii of the HDC 
working space, while its lowest value occurs within the interval (0.73 – 0.95)Da, what points to appearance 
of the so-called center of meridian flow within that area. In this area is possible for cavitation to appear 
within the HDC pump circuit and at the starting regime in the turbine circuit.  
x Value of the perimeter fluid speed component is smaller than the value of the meridian speed component 
across the whole blade width. This fact shows that the fluid flow skidding is present across the whole width 
of the HDC working circuit blades. 
x Value of the perimeter component of the fluid absolute speed, at the starting regime, for the smallest value of 
the fluid flow diameter, at the output from the HDC turbine circuit is close to zero. 
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x Values of the meridian component of the fluid absolute speed are increasing from the center of the meridian 
flow towards the minimum and maximum flow diameter. 
x The fluid floe speed Ca, obtained by cylindrical probes, has a slight increase, from the smallest towards the 
largest diameter of the HDC working space. 
x The meridian flow center depends on the HDC working regime, the angular velocity of the pump circuits 
and clearance between the blade circuits. 
 
 Finally, one can draw the following general conclusions about the influence of the HDC hydrodynamic, 
kinematic and geometric parameters on its performance. The smallest measurements' error is at HDC working 
regimes with nominal sliding. At starting regime, the skidding coefficient values obtained based on 
experimental investigation deviate the least from values obtained theoretically. 
 
 In experiments with blades with the forward slope of the pump circuit, one obtains significantly less 
favorable results than those obtained with radial blades of the turbine and the pump circuits. This is confirmed 
by results obtained for the fluid flow skidding angle. Based on the listed observations regarding the 
experimental results, one can conclude that the shape and sizes of the HDC working space have decisive 
influence on the fluid flow form in that space. 
 
Nomenclature: 
 
m - mass of the working fluid 
ps, pd - pressure in the HDC working space 
s - skidding coefficient 
Cm - meridian component of the fluid circulation speed   
Cm0, Cm2 - fluid flow meridian speeds, before the circuit input and at the circuit output, respectively 
Cu – fluid flow perimeter speed  
dB - Skidding angle of the fluid circulation at the output from the blade circuits 
K - coefficient of the circuit form and filling coefficient 
R – circuit radius 
R1, R2 - circuit radius at the input and at the output, respectively 
Rk- radius of the blade curve 
E0, E12 - the angle of the fluid flow relative speed, before inlet to the circuit and angle of the blades at the output 
J -  angle covered by the speed direction with turning axle  
ε - fluid flow coefficient 
Z - fluid flow angular velocity 
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